In this study, we measured the changes in binding characteristics of T3 to its nuclear receptor in lungs of rats from 2 days of age to adulthood. In all ages studied, we found a single class of binding sites with a mean Ka of 1.16 + 0.05 x 10'' M-'. The specificity of the nuclear receptor, as judged by the relative affiities of thyroid hormone analogs, is in general agreement with data previously reported for lung and other organs. A significant decrease in the maximum binding capacity of the lung T3 receptor occurs between 30 and 40 days of age: 0 to 30 days, 0.208 2 0.005 pmole T3/mg protein; 40 days to adulthood, 0.111 + 0.007 pmole T3/mg protein.
Summary
In this study, we measured the changes in binding characteristics of T3 to its nuclear receptor in lungs of rats from 2 days of age to adulthood. In all ages studied, we found a single class of binding sites with a mean Ka of 1. 16 Our experiments showed that this reduction is not due to differential recovery of nuclei or efficiency of extraction at various ages. The relative saturation of the nuclear receptor increases from 26% at 2 days of age to 48% in the adult animal. Thyroid status has no significant effect on the nuclear T3 biding capacity of developing rat lung up to 11 days of age. However, hyperthyroidism substantially increased the binding capacity in lungs of adult animals (0.157 + 0.009 versus 0.108 + 0.006 pmole T3/mg protein), without a corresponding reduction in hypothyroidism (0.116 + 0.007 pmole T3/mg protein). These findings suggest that thyroid hormones play a yet unspecified important role in lung physiology during the first month of life in the rat. though functional, rat lungs are still not mature at birth since they contain no true alveoli. Important changes in morphology, morphometry, and cell population occur during the first 3 postnatal weeks in the rat (4, 5, 21) . These postnatal changes constitute events that could be affected by thyroid hormones. In this regard, thyroxine treatment has been reported to accelerate the development of drug permeability characteristics to the point of maturity in the neonatal rat lung (19) .
Thyroid hormone action is generally thought to be initiated by the binding of T3 to a class of nonhistone nucleoprotein in target organs, followed by the activation of specific genes (2, 27) . The presence of such receptors has recently been described in lungs of both fetal and adult rodents (23, 26) , suggesting that thyroid --hormones might act directly on the lung.
In order to establish an eventual correlation between thyroid hormones and lung maturation, one would need to know more about the characteristics of nuclear receptors throughout development. In this study, we measured the changes in binding characteristics of T3 to its nuclear receptor in lungs of rats from 2 days of age to adulthood. We also examined the effects of hypoand hyperthyroidism on the characteristics of Tg binding to this nuclear receptor. The results of these experiments are presented in this communication.
MATERIALS AND METHODS

Speculation
The level of nuclear T j receptor remains relatively high for the MATERIALS first month of life in the rat lung and the saturation of the binding High specific activity [125~]-Ts (900_1300 CLCi/llg) Was purchased sites increases during this period. This would support the hypoth-from New England Nuclear Co., Boston, MA. Nonlabeled L-Ts, esis that thyroid hormones act directly to influence aspects of D-T3, L-T4 D-T4, and TRIAC (triiodothyroacetic acid) were pulmonary maturation, possibly alveolarization, during that period. obtained from Sigma Chemicals Co., st. Louis, MO while L-T2 (3, 3'-diiodo-L-thyronine) and rT:, were from Hennings Co., Berlin, Germany. DIMIT (3 ,5-dimethyl-3'-isopropyl-L-thyronine) was a hormones are regu1ators of gift from Dr. E. C, Jorgensen of the University of California, Sari and development in many tissues (17) . During the last few years, Francisco. some studies have suggested that thyroid hormones influence the maturation of the pulmonary surfactant system. This complex T R E A T M E N T OF ANIMALS material, composed mainly of phospholipids, lines the alveoli. Its presence appears to reduce the incidence and severity of the Sprague-Dawley female rats and their pups were obtained from respiratory distress syndrome (15) . Administration of thyroxine or a commercial supplier (Canadian Breeding Farms, St-Constant, analogs accelerates the maturation of the pulmonary surfactant Laprairie, Canada). The mothers and their pups were housed in system in lungs of rabbit (36) , rat (20) , and human (25) fetuses individual cages in a sound-attenuated, temperature and lightwhereas it is retarded by thyroidectomy in ovine fetal lung (14) . controlled room (14 hr light, 10 hr darkness) and allowed free Pulmonary surfactant maturation occurs before birth in all these access to rat laboratory food and water. Both male and female species. In the rat, the fetal pituitary-thyroid axis functions inde-animals were used throughout the experiments. Adult animals pendently of the maternal system (1 1, 12) and the maturation of were at least 110 days of age. the thyroid system occurs primarily during the first month after Hypothyroidism was induced in adult rats by feeding them a birth (13) . Thus, the role of endogenous thyroid hormones in solution of 6-n-propyl-thiouracil (PTU) (0.05%) in the drinking pulmonary surfactant maturation is not clearly established. Al-water for a period of 6 wk. Neonatal hypothyroidism was induced by feeding pregnant rats the same PTU solution from the 14th day of gestation until parturition. After birth, the PTU solution was replaced by tap water, and 100 pg of PTU in 1% carboxymethyl-cellulose was injected sc daily into the pups.
Hyperthyroidism was induced in adult rats by daily ip administration of T4 (40 g bw) for a period of 6 days. Neonatal hyperthyroidism was induced by sc injection of T4 (40 pg/100g body weight) from birth to the days as indicated in the figures and tables.
PREPARATION OF THE NUCLEAR EXTRACT
Pups were decapitated at different ages and lungs were rapidly removed and chilled on ice. In one experiment, time-dated pregnant rats were decapitated on the 21st day of gestation and the fetuses obtained by uterotomy. Four pools of tissue were used in each age group except in 30-and 50-day-old groups ( n = 5) and in fetuses (n = 2). When examining the effects of hypo-and hyperthyroidism, determinations were performed simultaneously in control and treated groups of the same age. All subsequent operations were done at 0°C. Tissue (1 to 2 g) was minced, homogenized in 10 vol 0.32 M sucrose, 3 mM MgClz using an Ultra-Turrax homogenizer (Tekmar Co., Cincinnati, OH), and centrifuged at 700 X g for 10 min. The pellet was washed twice with the same buffer containing Triton X-100 (1%). The nuclear pellet was then resuspended in 0.14 M NaC1, 3 mM MgCI2, and glycerol, pH 7.851 containing 0.4 M NaCl as described by Silva et al. (33) . In order to monitor the extraction procedure, 14-, 21-, and 27-day-old rats as well as adult rats received a tracer dose of [lZ5I]-T3 (<5 ng) ip 3 hr before sacrifice and counts were followed in the successive steps of preparation.
BINDING ASSAY
The binding of T3 to the solubilized nuclear receptor (0.4 ml) was performed in TEM buffer in the presence of increasing concentrations of [ ' 2 5~] -~3 final wncentration ranged from 0.2 to 20 X lo-'' M in 1.0 rnl. Incubations were carried out at 30°C for 40 min and at 0°C for 18 hr. This procedure permits the measurement of the maximum binding capacity and calculation of the relative saturation of the nuclear sites, as described by Bernal et al. (3) . Bound and free [lZ5I]-T3 were separated by gel exclusion chromatography through 2.5-ml columns of Sephadex G-25 fine (33) and the data were analyzed by the method of Scatchard (30) .
The relative binding affinities of thyroid hormone analogs were determined by incubating nuclear extracts at O°C for 18 Serum T4 concentration was measured by specific radioimmunoassay (6) . Protein concentration in the nuclear extracts was determined by the method of Lowry et al. (24) using bovine serum albumin as standard. DNA was measured in the chromatin pellet by the method of Giles and Myers (16) . Statistical differences were determined by analysis of variance and by analysis of contrasts when appropriate (10) . To test the specificity of the nuclear receptor, we compared the relative affinities of different thyroid hormone analogs at various ages (Table 1) . TRIAC has been found to be slightl~5more, and D-T3 slightly less effective than L-T3 in displacing [ I]-T3 from the nuclear receptor. L-T4 has 12 to 23% the activity of L-T3 and DIMIT has 2%. Although it is not statistically documented, the specificity of the nuclear T3 receptor does not appear to change with age.
DETERMINATION O F THE MAXIMUM BINDING CAPACITY AND THE RELATIVE SATURATION O F THE NUCLEAR RECEPTOR
Since circulating thyroid hormone concentrations are higher in adult than in neonatal animals, we used an approach similar to that described by Bernal et al. (3) in order to take account of endogenously bound T3 when determining binding capacities. The method is based on the different rates of exchange of bound Ts when incubated at different temperatures. The kinetics of dissociation of T3 from the receptor at 0 and 30°C are illustrated in Figure 2 . As shown by the upper curve of each graph, the loss of receptor is minimal over the time of the experiment. The tl,z of dissociation is 21.7 f 2.0 min at 30°C and 54 f 7 hr at 0°C (mean * S.E., n = 3). Similar rates of dissociation of T3 bound to the nuclear receptor were observed in neonatal ( 10-day-old) and adult animals. From these results, we can estimate that the binding capacity measured after 40 min of incubation at 30°C represents unoccupied sites (U) + 72% of occupied sites (0), while the observed capacity after 18 hr at 0°C represents U + 21% of 0 . 
AGE-RELATED RECOVERY OF THE RECEPTOR
Experiments were performed in order to rule out the possibility that differences in binding capacity may be due to changes in the efficiency of extraction of the receptor from nuclei. Receptors were labeled in vivo with [1251]-T3 and counts were followed in the different steps of purification. Table 2 shows the percentage of counts of the purified nuclei fraction (just before extraction) recovered in the 0.4 M NaCl extract. In each age group, the recovery is greater than 70% and there is no significant change with age.
Another possibility that could account for the observed reduction in binding capacity is the choice of the index used to express our results, namely the quantity of protein extracted from nuclei. Table 3 shows that the relative difference in binding capacity between young and adult rats is essentially the same whether it is expressed per g of tissue, per mg of DNA in the chromatin pellet, or per mg of protein in the nuclear extract (Figure 3) .
EFFECTS OF HYPO-AND HYPERTHYROIDISM
We also examined the effects of hypo-and hyperthyroidism on the characteristics of binding of TQ to the nuclear receptor (Table  4) . Serum T4 concentrations were undetectable in hypothyroid rats and were significantly elevated in hyperthyroid rats (>I3 pg T4/dl). The constant of association (Ka) is not altered by the treatments except in 11-day-old hypothyroid rats where it is significantly elevated and in adult hypo-and hyperthyroidism where it is significantly decreased (P < 0.01).
Hyperthyroidism increases significantly the nuclear T3 binding capacity in lungs of adult animals (P < 0.01). DNA was not measured in these experiments but the relative difference is similar when expressed per g of wet tissue. Neither hyperthyroidism nor hypothyroidism significantly affect the binding capacity in other groups.
DISCUSSION
The data presented herein confirm and extend previous observations on the presence of nuclear T3 receptor in the lung (23, 26) . In all ages studied, we found a single class of binding sites with a mean Ka of 1.16 + 0.05 x 10'' M-I, which is slightly higher than that reported earlier. The decrease of Ka that we observe with age is concomitant with the increase of the saturation level and so, might be due to the presence of endogenous hormone since our binding assays are not performed at complete equilibrium. The specificity of the nuclear receptor, as judged by the relative affinities of thyroid hormone analogs, is in general agreement with data previously reported for lung and other organs (22, 23, 26) . The relative affinity of DIMIT for the nuclear receptor is of interest since, in contrast with T3 and T4 (1 1, 12) , it crosses the placental barrier (7). Ballard et al. (I) recently reported that administration of this compound to pregnant rabbits accelerates the fetal lung maturation at doses compatible with the relative affinity we measured.
Lindenberg et al. (23) reported a 50% decrease in T:, binding capacity of adult rabbit lung when compared with the fetus (23). We measured a similar decrease and in addition, determined, that it occurs mainly between 30 and 40 days of age in the rat lung. Our experiments showed that this reduction is not due to differential recovery of nuclei or efficiency of extraction at various ages, and attest the validity of expressing the results per mg of protein, at least in normal animals. With respect to binding capacity, lungs behave like the brain where receptor level is higher in younger animals (32, 35) . In the brain, this time of high receptor density is correlated with the time of critical dependence of the brain on thyroid hormones for proper maturation. By analogy, the lung receptor level during the first month of life suggests a special role for thyroid hormones at this time. However, one must be aware that thyroid hormone binding is not necessarily equivalent to thyroid hormone action and additional experiments appear necessary to clearly establish this relationship during lung maturation. It is also possible that the receptor is not uniformly distributed in every cell type and that a decrease in the proportion of T:% receptorcontaining cells in the lung would result in an apparent decrease of TQ binding capacity.
The changes with age in the relative saturation of the binding sites are closely related to the developmental pattern of serum T3 concentration (13) suggesting a direct equilibrium between nuclear and serum TQ. This is further supported by its striking similarity with the saturation level we measured in liver receptors (8) where the local formation of T3 contributes relatively little to the saturation level (34) . It is also interesting to note that the decrease in maximum binding capacity occurs at a time when serum T3 concentration and relative saturation of the binding sites reach their maximum, suggesting, in addition, that thyroid hormones might control the number of their nuclear receptors. Such a mechanism has been demonstrated in GHI cells (29) .
In order to check this possibility, we measured the effects of hypo-and hyperthyroidism on nuclear receptors from developing and adult animals. Since normal lactation requires the presence of thyroid hormones (9), particular care was taken to keep the mother euthyroid when inducing neonatal hypothyroidism. This could be important since fasting has been reported to decrease receptor ' Values given are mean + S.E. (n = 4 for each group except adult hyperthyroid rats n = 8).
" Significantly different from controls, P < 0.01.
capacity in the liver (3 1). Our results indicate that thyroid status has no significant effect on the nuclear T3 binding capacity of developing rat lung up to I 1 days of age. However, hyperthyroidism substantially increased the binding capacity in lungs of the adult animal (0.157 + 0.009 versus 0.108 + 0.006 pmole T3/mg protein) without a corresponding reduction in hypothyroidism (0.1 16 k 0.007 pmole Ts/mg protein). This is in contrast with studies in other tissues where the binding capacity is unchanged or decreased by thyroid hormones (3, 29) . However, Hamada et al. (18) recently reported that T3 could induce an increase in the nuclear TJ binding capacity and suggested that this event is involved in the subsequent increase of mitochondrial a-glycerophosphate dehydrogenase activity (18) . The lack ot effect we observed during the neonatal period may be due to the fact that binding capacity is already high at this time.
Until now, most studies on the effects of thyroid hormones on the lung have focused on the prenatal period. Nuclear T3 receptors are present in the fetus and could thus account for the observed effects on surfactant metabolism in the rat. However, the concentrations of thyroid hormones are very low in normal fetal rats (1 1, 12). If they influence the normal development of the fetal lung, they must do so at low levels of saturation of nuclear receptors. Nevertheless, sensitivity of the lung to thyroid hormones could be increased by interactions with glucocorticoids as pointed out by Hitchcock (20) . Our study indicated that maximum binding capacity remains at the fetal level up to 30 days of age. In the meantime, the relative saturation of the binding sites increases to 60% in 30-day-old rats. These findings suggest that thyroid hormones play a yet unspecified important role in lung physiology during the first month of life in the rat. In this regard it would be interesting to examine the effects of thyroid hormones on alveolarization which, in the rat, occurs in the first 3 postnatal wk (4).
